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Summary: Results of radioimmunological and mass-spectrometric tests for morphine in human hair samples,
conducted independently in two separate laboratories, were compared. A large degree of qualitative and
quantitative parity was observed for the two methods at morphine levels above 1000 g/kg. Due to the
Variation of results at levels below 1000 g/kg, more GC-MS tests are necessary äs a safeguard. Additional
GC/MS analyses of the same samples showed that discrepancies between the results of the two methods are
not necessarily due to a variable response to the analyte. The results of the GC/MS examinations showed
that it is also possible to distinguish between heroin and codeine addicts.
Introdüction
The detection of various toxic metals in human hair
and nails has been possible for many decades, and
recently it has become possible to detect drugs. Some
of the drugs so far analysed in hair are morphine
(1 — 13), amphetamine (14, 15), barbiturates (3 — 6),
cocaine (16), methaqtialone (3 — 5, 17) and phencyc-
lidine(18, 19).
Only recently, the detection of chloroquine was re-
ported, after its toxic and therapeutical administra-
tion, äs well äs after chronic abuse (20). As in earlier
studies with other drugs, it was noted that the
amounts of the antimalarial drug recorded in individ-
ual hair sections correlated clearly with chloroquine
dosages taken in the eorresponding period. In one
patient this lasted up to one year after administration.
Until now the question of location and type of binding
of organic substances in the hair matrix has still to
be solved. In animal studies, the deposition of fluo-
rescein in the endocuticula and mark channel of hair
has been observed (21).
The aim of the study was to examine the reliability
of Statements regarding the abuse of heroin, morphine
or codeine, using each individual method. We also
wished to test the accuracy and precision of the ra-
dioimmunological and the mass-spectrometric meth-
ods, and to determine whether it is possible to differ-
entiate between heroin/morphine consumption and
codeine abuse, and whether it is possible to distinguish
between heroin and codeine abuse. It must be noted
that a small amount of morphine is produced from
codeine by metabolic demethylation. Previous studies
showed that 5 — 10 percent of the codeine consumed
is demethylated.
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Materials and Methods
Mater ia ls for examina l ion
A total of 50-100 hair samples were available, a sufficently
large quantity for comparative purposes. These hair samples
were cut into l, 2 or 3 cm segments, starting at the root end,
and were then separated into parallel portions. Samples (50
mg) of each hair sample were weighed and washed with acetone,
then with water, once again with acetone and finally dried. In
this way they could be exarained radioimmunologically s well
s with GC/MS. The tests were conducted in two separate
laboratories.
Radioimmunological method
For the RIA analysis the specific morphine kit of the Diagnostic
Product Corporation (DPC) was used exclusively. This kit is
400 times (now 1000 times) more sensitive to morphine than
codeine. The individual samples are placed in long, heat resist-
ant glass centrifuge tubes. After the addition of l ml l mol/1
NaOH the sample is carefully boiled until the hair substance is
destroyed, taking precautions to avoid vapour loss. After cool-
ing the solution is neutralized with l ml l mol/1 HC1, taking
care that the pH value lies between pH 6.5 and 7.5. Deviations
from these values may lead to a denaturation or damaging of
the antiserum and misleading positive results.
The alkaline hydrolysis releases the morphine from the protein
of the hair. Eactt determination should be carried out 2 or 3
times. For the construction of the Standard curve it is necessary
to carry out 3 determinations on each Standard morphine
solution. The radioimmunological analysis is performed ac-
cording to the instructions enclosed the DPC kit. It is recom-
mended that the kit is tested for its sensitivity and specificity
by using a codeine solution with a concentration 300—400
times higher than that of the Standard morphine solution. If
the kit shows the correct specificity, the response to the codeine
and morphine test Solutions should then be similar. To take
account of the dilution factor, the determined quantity of mor-
phine is multiplied by 40.
GC/MS method
The individual hair portions are heated for a short time with
3 ml 30 g/l NaOH in an evaporator until the material disinte-
grates. The sample is then hydrolysed for 30 minutes with 5 ml
25% HC1 at 100°C. After cooling, a drop of a mixture of
octanol/ethyl acetate (1-1-9 by vol.) is added, then solid
NaHCO3 until a pH value of 8-9 is attained. The solution is
adjusted to 20 ml with glycylglycine buffer (pH 8.5), then ex-
tracted with a mixture of toluene//i-butanol (7 -h 3 by vol.) by
an Extrelut column (Merck-Darmstadt). This is followed by
reextraction with 10ml 0.1 mol/1 H2SO4 by shaking for 5
minutes. The aqueous phase is then shaken for 5 minutes with
10 ml H-hexane and readjusted to pH 8—9 with NaHCO3. The
solution is again adjusted to 20ml with glycylglycine buffer
and extracted with dichloromethane/propanol (9 + l by vol.).
The organic phase is then evaporated under a nitrogen stream
and the residue is dried for approximately 12 hours over silica
gel. After adding 100 μΐ heptafluorobutyric acid anhydride the
samples are derivatized at 65 °C. Using a stream of nitrogen,
the samples are evaporated until they are odourless, then dis-
solved in 20 μΐ ethyl acetate and mixed with l μΐ derivatized
levallorphane (2.5 mg/1) s an internal Standard.
For the GC/MS analysis, 5 μΐ are injected without Splitting into
a GC/MS Hewlett Packard 5995 A at 60 °C on an Ultra 2
column (cross-linked 5% phenylmethylsilicone, 25 m, 0.32 mm
I.D.,"0.52 μιη film) and analysed from 250 to 280 °C pro-
grammed at 5 °C/minute. Quantitative measurements are made
at m/u = 246 for morphine heptafluorobutyrate, at m/u = 295
for codeine heptafluorobutyrate, and at m/u = 479 for leval-
lorphane which is used s an internal Standard.
Results
Comparison of methods
Figure l shows the RIA and GC/MS results on 50
different hair samples. The RIA values are on the y-
axis and the GC/MS values on the x-axis. The gra-
dient is 0.91, i. e. the values are ος average somewhat
higher, especially at concentrations under 1000 μg/kg.
Using the radioimmunological method, soine samples
showed values of 200-300 μg/kg, but by GC/MS
only a few of these samples showed values over 100
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Fig. 1. Morphine concentrations in hair measured by GC/MS
and RIA.
Quality assessment and typic l con-
centrations
Attached are a few figures, specially selected frorn the
50 cases which were examined. In figure 2 it can be
seen that the addicts in question consumed, very prob-
ably, only large quantities of heroin, and that this
heroin was only slightly contaminated with acetylcod-
eine. The relatively low codeine levels also support
this Statement, although the additional ingestion of
small amounts of codeine cannot be excluded.
Figure 3 illustrates a pronounced abuse of.codeine.
In this case only sm ll amounts of morphine, which
were certainly formed by demethyl tion of the in^
gested codeine, were found over the whole length of
the hair. The results shown in figure 4 would indicate
that the subject in question initially consumed a mod*
erate amount of heroin over a long period, and that
a significant amount of codeine was simultaneously
consumed s a substitute drug. In c urt this Interpre-
tation of the findings was confirmed with t reser-
vation by the subject Standing trial.
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Fig. 2. Tpyical concentrations of morphine and codeine in hair
after heroin abuse over a long period (with GC/MS).
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Fig. 3. Typical concentrations of morphine and codeine in hair
after codeine abuse (with GC/MS).
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Fig. 4. Concentrations of morphine and codeine after cpm-
bined consumption of heroin and codeine (with GC/
MS).
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Fig. 5. Concentration of morphine in hair after intake of a
small quantity of heroin or tea prepared from poppy
capsules (with GC/MS).
Figure 5 illustrates a problematic case. Here very low
morphine Contents were recorded, mostly under 100
§^ §. These levels would have been regarded äs in-
significant, if some of the levels had not risen to 150
g/kg. Since no codeine was found — in this case the
detection limit of GC/MS was set at 20 g/kg — it
was assumed that the heroin consumption was very
small. The accused testified that he often made a tea
of poppy capsules. This possibility cannot be ex-
cluded.
It can be assumed that the mode of deposition of
organic drugs and narcotics in hair is similar to that
of inorganic substances. Some evidence has been ob-
tained topographically, indicating that other organic
substances are possibly deposited in the endocuticula
and rnark channel, äs shown in animal experiments
with fluorescein (21). The strength and type of protein
bond is, however, still unknown.
Discussion
From the results obtained so far, it can be assumed
that the morphine levels detected in hair reflect the
morphine or heroin levels absorbed by the body. In
this connection and, above all, when the 3 different
hair grpwth phases are taken into account, it may be
assumed, that the concentration of a drug in the first
months following ingestion is higher than after 6
rnoriths or even longer, äs shown in the above-men-
tioned chloroquine poispning case (20). Theoretically
the concentration curve after a single intake is steeper
and higher in the first months than in the hair samples,
which have grown for several months. This is illus-
trated in figure 6. A particular problem in the detec-
tion of Opiates is evaluating whether observed mor-
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Hair root
Fig. 6. Schematic Illustration of the temporal distribution of
drugs in hair after a single dose.
a) a few days after intake
b) several months after intake
phine concentration has resulted from heroin/mor-
phine consumption or from a misuse^of medication
containing codeine.
On the band, <small amounts of morphine in the body
result by demethylation of codeine, and on the other
band, almost all illegally sold heroin contains acetyl-
codeine äs an impurity which is quickly deacetylated
to codeine after intake. In both cases, codeine and
morphine exist and are detectable in most cases in
hair samples. For this reason, in addition to the spe-
cific RIA (DPC) analysis, both opiates must be tested
for with the non-specific RIA kit of La Röche, or an
additional analysis must be performed, using GC/MS
to separate codeine and morphine. Success with ra-
dioimmunological differentiation with the specific and
non-specific kits can only be guaranteed for levels
above 1000 g/kg. Even though the DPC kit is 400
times (now 1000 times) more sensitive to morphine
than codeine, the possibility cannot be exchided that
the DPC kit indicates levels which are too high when
morphine and codeine are mixed.
A comparison of the levels from radioimmunological
and GC/MS studies shows that for forensic purposes,
if the positive RIA levels for morphine obtained with
the morphine-specific DPC kit are not very high, it is
important to perform, a GC/MS analysis äs a safe-
guard. If a DPC kit examination is obviously negative
and if there is no further tangible evidence such äs
prick marks, conspicuous behaviour etc., then i t must
be assumed that the individual did not consume any
significant amounts of opium alkaloids during the
timeframe under examination.
If the levels measured by the DPC kit are over 1000
M-g/kg, then the radioimmunological findings which
clearly indicate heroin abuse are confirmed. This has
already been discussed in another study (4, 5).
In spite of the use of 2 methods it is, höwever, not
always possible to make a Statement with absolute
certainty about the form of ingestion. If the morphine
level is clearly higher than the codeine level in the
examined hair sample, heroin or morphine abuse is
highly probable (22). The codeine cöuld result from
heroin contaminated with acetyjcodeine, whicli is
metabolically deacetylated and therefore detected äs
codeine. If the morphine and codeine coneentrations
are equal, or if the morphine level is only marginally
higher than the codeine level, then it may be assumed
that both alkaloids have been ingested (22). Where
the level is under 500 g/kg it cannot be said with
certainty whether this concentration results from a
morphine/heroin ingestion or codeine abuse (22); in
such cases, even GC/MS measurements on hair sam-
ples in the same growth phase can also give very
different results. This can be explained on the one
band by irregulär growth rates which have already be
mentioned, but also because the absolute levels of the
examinations are on a picogram scale and therefore
near the detection limit.
The present studies revealed differences between the
results of radioimmunological and mass-spectrome-
trical analyses, even after repeated GC/MS exami-
nations of parallel Strands of hair. Such discrepancies
can have different causes. It cannot be guaranteed
that all the hair portions used in the radioimmunol-
ogical aiid the GC/MS examinations were identical
to the millimetre. Furthermore, variations may be düe
to the different growth phäses of hair. As a rule, hair
grows for 4 to 6 years (anagen phase) and then stag-
nates for a period of a few months (catagen phase)
before it falls out. Normally only 85% of hairs are in
the growth phase at a given time. After several
months, some of the morphine can therefore be lo-
cated at a totally different site from the main area of
deposition. In addition an irregulär distribution of
morphine may also be caused by other disturbances
to hair growth, such äs medical complaints, possibly
of a hormonal nature.
In conclusion, the results of the tests on a total of 50
hair samples can be summarized äs follöws. In 2
different laboratories independent from one another,
radioimmunological and GC/MS examinations
showed a large degree of quantitative parity for both
methods for levels of morphine above 1000 g/kg.
Considerable differences between the methods were
found for levels below 1000 g/kg. In^such cases, the
results should be supported by a second method,
especially when investigations have failed to produce
sufficient evidence of drug abuse.
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